INTRODUCTION
Haplotypes in sickle cell disease can be used as markers for understanding patterns of population migration in anthropological studies, as well as, in the detection of genetic distances between main ethnic groups when studying human ethnicity origin (Nagel and Ranney, 1990) .
Sickle cell disease haplotypes (β S ) are classified into five different types according to their mainly common ethnic and geographical origins. Benin haplotype has been associated with West Africa; Bantu or the Central African Republic (CAR) to East Africa and Central South; Senegal to Atlantic West Africa; Arab-Indian to India and Arabian Peninsula; and Cameroon to the West African coast (Kan and Dozy, 1978; Gonçalves et al., 2003) .
A remarkable characteristic of this disease is its clinical variability: while a few patients present a clinical condition with great severity and are related to numerous complications with possible hospitalization, other patients present a mild evolution that can be almost asymptomatic (Sebastiani et al., 2005) .
These changes in hematological and clinical characteristics of the disease are attributed in part to the variability of linked and non-linked genes that modify the disease expression, as well as the diversity regarding climate, social, and economic conditions (Nagel et al., 1985) . So, genetic, environmental, and social factors contribute to the clinical variability (ANVISA, 2002) .
Different types of haplotypes are associated with varying levels of fetal hemoglobin (HbF) and consequent variation in the severity of the clinical condition of the patients. Therefore, the presence of HbF may change the sites in contact with HbS molecules, in such a way that the polymer generation becomes impaired, consequently, decreasing the sickling process (Adekile and Huisman, 1993) . In other words, HbF acts as an inhibitor effect on the polymerization (Naoum, 1997) .
It is known that the Senegal haplotype is associated with high levels of HbF (>15%) and less severe clinical course of the disease; Benin is associated with moderate levels of HbF (5to 15%) and intermediate clinical course; Bantu, to decreased levels of HbF (<5%) and more aggressive clinical condition; and Arab-Indian haplotype presents high levels of HbF and heterogeneous clinical course (Sebastiani et al., 2005; Silva et al., 2009) .
According to Kutlar (2005) , after the conclusion of the Human Genome project, it has been identified a lot of point polymorphisms. These polymorphisms may potentially affect different aspects of the pathophysiology of various diseases. Furthermore, Alves (2007) infer that several genetic polymorphisms were identified in individuals with the sickle cell trait: the polymorphism T8002C in the ET1 gene, associated with an increase in the risk of acute thoracic syndrome (Chaar et al., 2006) ; the polymorphism G463A in the MPO gene, associated with a greater susceptibility to infections (Costa et al., 2005) ; the polymorphism UGT1A1 in the UGT gene, associated with a risk factor to cholelithiasis (Chaar et al., 2006) ; the polymorphism -786C in the NOS3 gene, associated with a greater trend to develop severe clinical manifestations (Vargas et al., 2005) ; and polymorphism C677T in the MTHR gene, associated with an increase the risk of vascular disease (Couto et al., 2004) .
Polymorphic associations of CCR5 with sickle cell disease are described in the literature. The presence of a variant harboring a deletion of 32 bp, called CCR5Δ32, would be associated with greater clinical advantages to the patients (Lopes et al., 2010) . Since CCR5 is an important receptor of a pro-inflammatory chemokine, acting as an inflammatory mediator (Doodes et al., 2009; Schauren, 2010) , the presence of CCR5Δ32 deletion makes it nonfunctional, conferring a lower inflammatory picture due to a less efficient response (Lopes et al., 2010; Doodes et al., 2009 ). This association was also observed in research performed by Chies and Hutz (2003) , in which groups of individuals with sickle cell disease, a disease considered chronic inflammatory, showed a higher frequency of CCR5Δ32.
Thus, it is essential to investigate associations with polymorphisms, like haplotypes and CCR5Δ32 analysis and the variability of clinical severity of sickle cell disease. It is required a greater understanding of the mutation origin and the evolution of clinical aspects of the disease, to confer a proper monitoring of these patients (Galiza Neto and Pitombeira, 2003; Steinberg, 2005) . Considering that, this study aimed to identify the haplotypes of β S and β C genes, and investigate the presence of theCCR5Δ32 deletion in individuals with sickle cell disease.
MATERIAL AND METHODS

Sample characterization
We searched all cases of sickle cell disease registered by the Health Department of Jequié, BA, from 2009 to 2012. We also performed an active search of new cases, which allowed us to make up a sample of 20 patients with sickle cell disease (15 SS and 5 SC) ranging from 4 to 50 years old. The project was approved by the Research Ethics Committee of UESB (No. 077/2011, CAAE: 0057.0.454.000-11) and all patients signed the Informed Consent after all clarifications related to procedures and aims of the study.
Genomic DNA isolation
Harvesting biological samples were performed in the Human Genetics Laboratory in UESB. From each, we harvested 10 mL whole blood through venous puncture with a VacuTainer tube with EDTA. DNA was isolated with the DNA QIAamp DNA Investigator Kit.
Haplotype determination and analysis
The detection of haplotypes was performed with PCR and RFLP-PCR techniques in six polymorphic sites with the restriction enzymes XmnI, HindIII, HincII, and HinfI. PCR products were incubated with the restriction enzymes for 24 h at 37°C.
The identification of restriction band patterns, which detect the haplotypes, was performed by 3% agarose gel electrophoresis in 1X TBE buffer under a difference in potential of 150 V for nearly 1 h and 20 min. In each electrophoretic gel, we used 2 µL of a 100-bp DNA Ladder (BioLabs), stained with Gel Red™ and visualized under transillumination with UV light. 
Determination of the CCR5Δ32 polymorphism
Determination of the CCR5Δ32 polymorphism was performed through PCR techniques for CCR5 marker, using the following primers: 5'-ATCACTTGGGTGGTGGCTGTGT TTGCGTCTC-3' and 5'-AGTAGCAGATGACCATGACAAGCAGCGGCAG-3'.
PCRs with genomic DNA were analyzed in Applied Biosystems Veriti thermal cycler for amplification. The equipment was programmed for: 1) one cycle at 94°C for 4 min, 2) 30 cycles at 94°C for 1 min, 3) 70°C for 30 s (with the increment of 1 s per cycle), and 4) one cycle at 72°C for 10 min, added by 4°C indefinitely (Sousa, 2005) .
The amplified product was separated by 3% agarose gel electrophoresis, stained with Gel Red TM and visualized by UV light transillumination. The amplification of the normal allele produces a fragment of 193 bp, while the mutant (CCR5Δ32) presents a fragment with 161 bp.
RESULTS
Through searching all cases of sickle cell disease registered by the Health Department of Jequié, BA, with the result of the newborn screening between 2009 and 2012, we could find 20 patients with the disease (15 HbSS and 5 HbSC), in which we could detect the haplotypes from the 40 chromosomes studied.
From 35 studied chromosomes for β s haplotype, we could observe Benin haplotypes in 10 patients (28.6%), Bantu in 4 patients (11.5%), Senegal in 1 patient (2.8%), Cameroon in 1 patient (2.8%), and atypical in 19 patients (54.3%), as observed in Table 1 . From five studied chromosome for the β C haplotype, we could observe in almost all of type II haplotype (four patients), just one type I and none from type III.
As a result of the genotype analysis, we could observe 25% ( Table 2 .
DISCUSSION
In this study, among common haplotypes, the one with the highest frequency was Benin (28.6%), followed by Bantu (11.5%), Senegal (2.8%), and Cameroon (2.8%). We could also find a great contribution of atypical haplotypes (54.3%), which scattered with all different common haplotypes, as shown in Table 2 .
From 19 atypical haplotypes, eight had shown a more similar pattern to Benin haplotype, differing in a single or two restriction sites (? ? --+ -) for H01 and H23 markers. Through these results, we suggest that the atypical haplotypes were probably derived from Benin and that these differences were due to point mutations, through nearly 2000 years of existence (Zago et al., 2000) .
The other atypical haplotypes did not present a common pattern with a specific type of common haplotypes. Possibly, they had been generated through a single or double crossingover between two β s common haplotypes or, more frequently, between a common β s haplotype and a different chromosome β s , as observed by Zago et al. (2000) . The most frequent genotype in these patients was Benin/atypical, diverging from studies performed in Bahia, in which Bantu was the most frequent haplotype, followed by Benin and atypical. Furthermore, Figueiredo et al. (1994) performed a study in Salvador, BA, with 21 patients with sickle cell disease and observed the frequencies of 54.8% Bantu and 45.2% Benin. However, Gonçalves et al. (2003) when studying a sample of 80 patients with sickle cell disease, demonstrated slightly lower frequencies of Bantu (48.1%), a similar frequency of Benin (45.6%), and new haplotypes were observed as Senegal (0.6%) and atypical (5.6%).
After a few years, a study also performed in Salvador, by Adorno (2005) , including 125 patients with sickle cell disease, reported a high frequency of Benin type, followed by Bantu haplotype, with a predominance of CAR/Ben genotype. The researcher verified the presence of the Senegal haplotype and for the first time in patients with sickle cell disease from Salvador, the presence of the Arab-Indian haplotype.
Accordingly, including the results of the present study, we realized a gradual change in the frequencies of the haplotypes observed, in which we could identify a persistent decrease in the prevalence of Bantu haplotype and an increase in the prevalence of Benin haplotype. Then, we suggest that these observations might be related to different mechanisms of distribution that goes from a likely miscegenation due to internal migration -which could explain the high frequency of the atypical haplotypes -to a decrease in Bantu individuals, due to the highest severity of the disease (Silva, 2008) , corroborating with this study. The presence of the Senegal haplotype, also observed by Gonçalves et al. (Gonçalves et al., 2003) , reinforces the hypothesis that the State of Bahia had gotten a gene flow from the Atlantic West Africa, as in other Brazilian states during the period of slave trade. We point out that the identification of a unique Senegal haplotype could be a reflection of the less severe clinical course of the disease in this population, which would decrease the requirement of special medical care, or even the recent origin of this mutation in Bahia's population (Nagel and Steinberg, 2001; Adorno, 2005) .
When related to CCR5 marker, 100% of the studied patients presented the normal genotype, which means that no patients presented the CCR5Δ32 mutation. It was proposed that the presence of the non-functional CCR5Δ32 allele would confer more significant clinical advantages to patients with sickle cell disease, a disease that is considered chronic inflammatory (Chies and Hutz, 2003) . Additionally, the presence of this mutation would imply in a less efficient Th1 response, which is associated with inflammation, and consequently higher survival and lower number of inflammatory events (Lopes et al., 2010) . However, this association could not be evaluated, since this marker was homomorphic in the sample.
Though the studies demonstrating that the CCR5Δ32 deletion is more prevalent among sickle cell disease patients (5.1%) than in a healthy control sample (1.3%) (Chies and Hutz, 2003) , the absence of the deletion in the patients enrolled in this study, can possibly be related to the small proportion of the CCR5Δ32 allele (5.1%) and the number of individuals with sickle cell disease in the city. Even after an active search through the health units and agents, we faced limitations as A) the absence of a databank in the health department; B) few patients have registered in the health units and are attended in the region; C) the absence of a specialized center or a hematologist in the study location.
Thus, we could not observe CCR5Δ32 allele in the participants of the study. In respect to the identification of haplotypes, between common variants, we verified a higher frequency of Benin, followed by Bantu, Senegal, and Cameroon. We also evidenced a great contribution of the atypical haplotypes, which may indicate that these patients passed by variation in the genetic pattern of the ancestor haplotypes, throughout the years, which could make it associated with the disease prognosis. So, we suggest the implementation of other studies focused on the identification of an association between the genetic pattern of atypical haplotypes and the clinical course of sickle cell disease in these patients.
